The seeming simplicity of the iconic DNA double helix is deceptive. The genomes of single-stranded DNA and RNA viruses often contain numerous nucleic acid secondary structures. Whilst a number of these secondary structural elements have been found to play crucial roles during the life cycles of these viruses, the majority have neither any identified function nor known impact on viral fitness and evolution. Secondary structures can be predicted using nearest neighbour free-energy parameters that quantify the stability of a given secondary structure. Using an array of bioinformatic techniques we investigated the influence of inferred secondary structures on the sequence evolution of capulaviruses, a diverse genera of single stranded DNA viruses. We detected a significant association between structured regions of the genome and selective constraints on synonymous substitutions in coding regions. This is suggestive of either natural selection acting to preserve these structures or a predisposition toward lower mutation rates in base-paired regions of the genome. In addition, coevolution analyses revealed a significant tendency for nucleotides that are base-paired in predicted structures to coevolve in a complementary manner. Combined, these results highlight the pervasiveness of conserved genomic secondary structures within capulavirus genomes and support the notion that natural selection is favouring the maintenance of these structures, providing compelling evidence of their likely biological relevance. This structure-first strategy for comparative analysis of genome-wide secondary structures can be broadly applied to understand the contributions of higher-order genome structures to viral replication and pathogenicity.
